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ABSTRACT

Rickettsia rickettsii were found to interfere with the growth of
Venezuelan equine encephalitis virus in suspended L cell cultures grown
in a defined medium. The effectiveness of the inhibition of viral
growth was most pronounced in cultures in which the rickettsiae were
introduced 2 days prior to the virus. Under these conditions, virus
exhibited only minimal signs of growth. In cultures infected simultane-
ously the virus achieved its maximal titer but underwent an unusually
rapid cessation of growth soon afterwards. The viral titer of L cell
cultures chronically infected with VEE virus for 86 days disappeared 4
to 5 days after the inoculation of rickettsiae. Possible differences
in susceptibility to virus and rickettsiae among the cells in culture
were implicated as playing a role in this phenomenon. In support of
thia, virus multiplied in cat kidney cells to higher titers and rickettsiae
to lower titers than in L cells. In the cat kidney cells, the rickettsiae
failed to inhibit the growth of virus. The failure of virus to grow in
2-day-old rickettsial-infected L cell cultures, however, suggests that
under the proper conditions the latter organism was capable of influencing

S-ntrc culture agai.....nst viral growth. - .rl inhibitor, however, was
demonst:rated in cell-free preparations as a result of the rickettsial
infectien.
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INTERACTION BETWEEN VEE VIRUS AND RICKETTS1A RICKETTSII
IN SUSPENDED L CELLS

The proliferation of Venezuelan equine encephalomyelitis (VEE) virus
and Rickettsia rickettsti in L cell suspension cultures grown in defined
medium has been reported previously. This paper presents data on the
interaction of VEE virus and R. rickettsii in the same cell culture. The
composition of the defined medium used in these experiments has ýbeen ,pre-
sented previously. Very briefly, it contains salts, glucose, 13 amino
acils, vitamins, and additives such as methocel antibiotics and phenol
red. One hundred units of penicillin and 20 micrograms of streptomycin
sulfate per ml were also included in this mediixn after R. rickettsii was
shown to grow in the presence of these antibiotic concentrations.

The experiments were conducted in 30-ml amountp in 100-ml serum
bottles in a New Brunswick Gyrotory shaker at 35 C. L cells were obtained
from stock cultures and grown in suspension in the defined medium mentioned
above. The culture medium was renewed at 48 hour intervals. The virus
inoculum was our stock egg seed strain that was derived from an infected
donkey. R. rcketftsii was a partially purified yolk sac preparation of
the Bitteroot strain. The virus and/or rickettsia was inoculated into
suspensions of approximately 5 x IC L cells per ml and allowed to incu-
bate for 45 minutes. The cells were then washed. Samples obtained at
various intervals postinoculation for the assay of either organism were
stored at -60 C. Assays of the R. rickettsii preparations were performed
in 7-day-old embryonated chicken eggs and the results expressed as yolk
sac LD50 (YSLD%0) per ml. Assays of the VEE virus preparations were per-
formed in lO-to 14-gram mice* by the intracerebral (ic) route and the
results expressed as MICLDS0 per ml.

Prior to determinations on the growth of VEE virus or R. rickettsii
in L cell cultures, tests were performed to ascertain the inactivation
of each microorganism in medium alone. These results are shown in
Fign-re 1. From a Ftarting titer of 108 MICLD-tr/mli VEE virus infectivity
decl'ied to an undetectable level within 3 days. R. rickettsii was
extremely unstable, and a rickettsial suspension lost 4 or more logs of
egg infectivity in 12 hours at 35 C. In order to assess the effect of
an interaction between the virus and rickettsiae in culture, a brief
review of certain kinetic aspects of their respective growth cycles
independent of one another is necessary.

* In conducting the research described in this report, the investigators
adhered to the "Principles of Laboratory Animal Care" as established
by the National Society for Medical Research.
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ii%! VEE virus: an d':l•., rickettsii:=gr'owth, curves that are typical of several

Sexperiments with•' L c°l].s• suspen°d°edi' in d e°flhed medium are •resented in
Figure 2?. VEE virus!• demo•'st•ated• • msxim•l! tit•r o£ I0?'' : MICLDs0• at

day I. At• day/2• t•e•i' t it•eT: rem•lhed: near its maximal leve i, By day 5•
the virus t'iters: un'i'f•ormlyi declined: to approxima•ely• I0a MTCLDs0. R'.

ric•euts•i praline'ratted:. t•o-. it's': maximal t'it•er of i0=" YSLDb0/mI: at
day 2••. Wt! sUbs'eq'Uent' 24'-houz" int•erval8: the •iters gradually declined
until va•lhe•s•. • a••roXlm•t•el•." I• YS•'owere; obtained on day 7. Cell
lye is: that! did•' n'ot• [hvolve: t•. entire cul•ure was. commonly encountered
dUr in'g:' studies' wit•: t•Otl• orga'ni•Sm•.,

Th'e in't'eract'io• •f• viruS: and: ri•c•e•Si•ae was• s•udied• by, examining
•n•. •roWt•• r•.,ep'o•se•' o• •Oth: mi:cz•ooz•ganf•m• withln• the• sam•: culture

S'£-•ee: exp'erim•t'•li t'e•. •l•an•:W•re: Us•d:: One: in• w•fch the• virus and
th'e . . .. . ' ...... "

ricD•tts•ia•-• w•re: i•ocul•ed: s:lh•ul•a,•eously;,, a' second! ih. which: the
virus• wa's' i•cUl&•edi• t•t•.• days• •f•er: the• ri'c•e•tsiae• and! a' third, in,
•¢hlc.• the r•h•e•siae.•were'• i•oculated• into• a• cu1•ure of T;, cel:l's that
were chronically' infected.! with• VEE; viru,,.

Results' obtainedi after the slmu.l•aneous inocul'ation• of VEE v•rus
and R. ricke•Si'ii i=•o' a•n• • "• ""•'• ...... .• •6• 3•. ""
virus-- achieved: a• maximal• level of growth, of i07• MYCI•/mli at day •.,

By day' 2, however• sl!iEH• altera•i•ons: 5egan• do, appear:,: suggesting' that
the rickettsiae were beginning to. lhflhence •He' growth, acdfv.•ty' of the
virus. By day 3 a change from= the ty•i;calI pattern• of• growth, of VEE
virus was clearly d•_m'ons•rated•. Tfters' of approxi•m•ely.' l!•:' MIC T/)•
were present• representihg l•evel's: that were at l'east 1'00ufb•d! •ower
than those shown by cul'tures i•ocul'ated with, t•e' vilru's a.•one.. Mbre-
,,ver, by day 3, rickettsi•ali ti•ters exceededI the' vi'ra•l: tfters•, w•ch,
remained at comparatiVel•' l:c•' l'evel's un£!:l' day' 5' when• no• v•rus' c•aqdI
be detected. Note that ri:cke•£si•al', tfters; •FTgure• 3:)• su=•• a's', £•'ose'
found at day '3 and beyond coul'd: be obtained! onl[y• w•en• t•e tf•ers of •e
virus in the culture were sufficiently low for t•e' rfcl•etts•a'e' to express:
their lethal effect when assayed in eggs.- In' such, ca'ses'-,, em6ryonated:
eggs were killed within 48 hours upon injection, wi:t• low' d!•utfons of
the samples that contained virus. With higher dY•utfons @!f •he same
sample• in which the virus was then diluted out• the ric]•ettsiae were
lethal for eggs at 7 to 10 days. T•us• in, many' cases•. £he• rfckettsla•l
lethality that occurred in embryonated eggs during: an' assay of a mixture
of virus and rickettsiae was easily distinguished., K comparison, between,
the rickettsial titers in Figure 3 and those obtained! when' the r$c&etts•ae
were grown without virus indicates that the growth activity of the
rickettsiae was not altered in the presence of virus.

Under the •econd set of experimental •-;'•= .....
S........ •,•s• R. rlckettsii was

h',oculated into the culture 2 days prior to the virus. In this ca se•
the results of which are shown in Figure 4• the virus multiplied only
very slightly. In contrast to situatic•s in which the virus only was
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present in culture or when the virus and rickettsiae were inoculated
together, the initial titer of approximately i0 MICLD50 at day 0 was
not exceeded at any subsequent time period. Instead, the recoveries of
virus steadily declined at a rate that was, in fact, only slightly
slower than that found for the virus in mediui'al~ne at 35 C. Clearly,
R. rickettsii prevented the growth of the virus with little if any
alteration in its own pattern of growth.

In view o4 the previous results that demonstrated that R. rickettsii
is an efficient inhibitor of viral growth, the third set of experimental
conditions was tested. L cells in which the virus was well established
as a chronic infection (for 86 days) were tested for their repsonse to
a superinfection with the rickettsiae. The results of this test are
shown in Figure 5.

Within the first 3 days postinoculation of the rickettsiae, the
quantities of virus that were routinely present appeared to be suffictent
to occlude the rickettsiae. This suggested that the rickettsiae had some
difficulty in establishing its infection in the cells chronically infected
with VEE virus. Within 5 days, however, the virus was no longer detectable
in the culture. The rickettsiae apparently suppressed viral synthesis
and subsequen1ly displayed a pattern of growth that was similar to th6se
cultures infected with rickettsiae alone.

Investigations on the possible mechanisms by which R. rickettsii may
inhibit viral growth are continuing. Briefly, the question of whether
different cell types may more efficiently support one or the other
organism was considered. For example, the results could possibly be
construed to indicate that the L cell population may be heterogeneous,
with one portion of the cells favorable for viral growth and another
favorable for rickettsial growth. Cells favorable to the rickettsial
propagation survived and became the sole inhabitants of the culture
because the virus rapidly destroyed the cells that it had invaded.
Evidence that tends to support this line of riasoning can be found in
a study with a different line of cells, namely, cat kidney cells that
supported viral growth at higher titers and rickettsial growth at lower
ti'ters than the L cells. In contrast, interference with viral growth
by the rickettsiae was not observed in the cat kidney cells. The
theor.y of cell selection does not explain, however, why the virus growth
was limited when inoculated into the L cells 2 days after the rickettsiae
unless it is further postulated that during rickettsial growth, cells
that were ordinarily susceptible to virus were prevented from performing
1n that capacity. An exogenously produced inhibitor or interferon-like
substance could account for the rickettsial antagonism against virus.,
but no such substance has yet been demonstrated in cell-free preparations.
Other mechanisms, such as an unsuccessful competition by the virus fbr
substance utilized during rickettsial growth or an interference in which
the rickettsiae exclude the virus from penetrating the cell, are currently
being considered.
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In summary, gickettsia rickettsii interfered with the gra,-7th of

Venezuelan equine encephalomyelitis (VEE) virus in suspended L cell

cultures grown in a defined medium. The effectiveness of the inhibition
of viral growth was most pronounced in cultures in which the rickettsiae

were introduced 2 days prior to the virus. Under these conditions, virus

exhibited only minimal signs of growth. In simultaneously infected cultures,

the virus achieved its maximal titer but underwent an unusually rapid cessa-

tion of growth soon afterwards. The viral titer of L cell cultures chroni-

cally infected with VEE virus for 86 days disappeared 4 to 5 days after the

inoculation of the rickettsiae. Possible differences in susceptibility to

virus and rickettsiae among the cells in culture were implicated as playing

a role in this phenomenon. In Support of this, virus multiplied in cat

kidney cells to higher titers and rickettsiae to lower titers than in L

cells. In the cat kidney cells, the rickettsiae failed to inhibit the

growth of virus. The failure of virus to grow in 2-day-old rickettsial-

infected L cell cultures, however, suggests that under the proper condi•

tions the latter organism was capable of influencing the entire culture

against viral growth. No viral inhibitor, however, was demonstrated in

cell-free preparations as a result of the rickettsial infection.


